Introduction: The prevalence of allergic asthma are increasing, and the clinical outcome and risk factors of immunotherapy in the treatment of allergy have not been well established. Especially, the impact of viral infection on cytokines in allergic inflammation has yet to be established. This study aimed to determine serum IL-3, IL-11 and IgE levels and blood eosinophil and neutrophil counts during a one-year follow up in patients with allergic asthma on immunotherapy and those on anti-asthmatic drugs only, in the presence of influenza-like illness.
Introduction
The allergic diseases have been increased last two decades.
[1] Specific immunotherapy against allergens (SCIT), is also known as desensitization or hypo-sensitization.
[2] This immunotherapy approach was found to reduce the allergic episodes in mono-sensitized young children. [3, 4] Immunotherapy was reported to reduce bronchial hyperactivity in patients with bronchial asthma [5] However, the exact mechanism regarding how allergen immunotherapy modifies the allergic disease or impair the progression of asthma remains unknown. An essential advantage of the allergen immunotherapy may be its interference with the pathophysiologic mechanism (s) responsible for mediator release.
[6] Induction of peripheral T cell tolerance to allergens is the primary purpose of the specific allergen immunotherapy (SIT). Once peripheral T cell tolerance is triggered, allergen-specific regulatory T cells (Treg) produce elevated levels of IL-10 and TGF-β which are anti-inflammatory cytokines. [7] A report by Akdis et al.
[ 8] on the mechanism (s) of specific immunotherapy showed that the balance between Th2 and Treg cells is decisive for the development or suppression of allergic inflammation.
According to "International Consensus on Allergen Immunotherapy II: Mechanisms, standardization, and pharmacoeconomics", SIT induces the immunotolerance, by activating of T regulatory, B regulatory and particularly type 2 innate lymphoid cells.
[4]
Reduced activity of mast cells can be attributable to the lack of IL-3 dependent activation; reduced local production of IgE and decreased the production of histamine-releasing factors. [9] In patients with asthma, an increase of cells expressing IL-3 mRNA has been reported both in mucosal biopsies and in bronchoalveolar lavage cells.
[9]
The interaction between atopy and viral infections appears to be a complicated in which the atopic state can influence response to viral infections of the lower airways. Respiratory tract viruses can damage both ciliated and non-ciliated respiratory epithelial cells resulting in necrosis of the airway epithelium, loss of cilia and impairment of mucociliary clearance.
[10] When stimulated by IL-1 and TGF-β1, the IL-11 is produced by fibroblasts, epithelial cells and smooth muscle cells of the human airways.
[11] IL-11 might be an crucial regulator of inflammatory and remodelling responses in the asthmatic airway.
[12,13] Tang et al. [14] reported that targeted expression of IL-11 in mouse airways leads to a T cell inflammatory response with airway remodelling, local accumulation of myofibroblasts, and airways obstruction.
In humans, IgE immunoglobulin is the dominant antibody response against a select group of allergens, that is described as type 1 hypersensitivity reactions.
[15]
Basophils and mast cells can produce Th2-cytokines, indicating that they may also have essential roles in the production of IgE. [16, 17] After recruitmens of eosinophils from bone marrow, eosinophils participate in the modulation of immune response, inducing the airway hyper-responsiveness and remodelling, the key characteristic features of asthma. [18] Mepolizumab (as an anti-interleukin-5 monoclonal antibody) represents now a strategic anti-eosinophilic treatment, especially in severe eosinophilic asthma. [19] It is documented that neutrophils are accumulated in severe forms of chronic severe asthma which is associated with chronic airway narrowing. This chemotactic activity in the serum is inhibited by immunotherapy, even in the presence of symptoms.
[20]
IL-11 and IL-3 as multilineage expanders in bone marrow, [21] reduced the bronchial hyper-reactivity in asthmatic patients after treatment of them with specific anti-allergic immunotherapy.
[ 21] This study was aimed to determine serum IL-3, IL-11 and IgE levels, blood eosinophil and neutrophil counts during a one-year follow up in patients with allergic asthma after immunotherapy or anti-asthmatic drugs only, in the presence of influenza symptoms.
Materials and Methods
This study was performed at the University Clinical Hospital in Prishtina, Kosovo, and in cooperation with specialized Allergology Center Ylli, Pristina. In our study, we have included 60 adult patients with allergic asthma (both genders) and randomized into two treatment groups. Thirty patients (f/m=11/19, age 15-53 years) received immunotherapy (immunotherapy group), and another 30 patients were randomized (f/m=17/13, age 17-52 years) in the control group, were treated with standard pharmacotherapy, without immunotherapy. This study was approved by University of Sarajevo Medical Faculty, School of Medicine Ethical Board (Permit No: 741/10). All participants gave written informed consent for inclusion.
The bronchial asthma diagnosis was established based on clinical history of recurrent wheezing, breathlessness, or cough associated with significant bronchial reversibility (FEV1>12% from baseline) after inhalation of 200µg salbutamol when the baseline was <80% predicted, in addition to positive skin tests and increased serum level of total IgE. FEV1 was also measured during exacerbations of asthma symptoms during the study.
The sensitivity to specific allergens determined by skin prick tests (SPTs) (Allergopharma Joachim Ganzer, Germany). Skin wheal diameter ≥3 mm was considered as positive skin prick test reaction.
[22] After the recruitment, the serum IL-3, IL-11 and IgE levels and blood eosinophil and neutrophil counts and the frequency of influenza-like illness (cold and flu symptoms) were recorded during a one-year follow up.
The level of IL-3 and IL-11 were determined from the peripheral blood in both groups using a commercially available ELISA test (Ray Biotech Inc) on SAGA Linear reader. Patient's sera were kept in a freezer at-20°C until analysis. Determination of IL-3 and IL-11 was performed every 3, 6, 9 and 12 months, and the frequency of influenza-like symptoms in these patients were recorded.
The IgE level was determined using the ELISA test (Diagnostic Cortez reagents), eosinophil neutrophil counts were determined in blood. May-Grunwald-Giemsa staining method was used for histopathological evaluation and blood cell counts were performed in every 3 months in patients.
Each patient in the immunotherapy group was treated with subcutaneous specific immunotherapy with Novo Helisen Depot (house dust mites), Allergopharma Joachim Ganzer Inc., Germany.
The inclusion criteria of the patients were a clinical diagnosis of allergic asthma (grade intermittent to moderate), and being adult (i.e., >18 year-old). The exclusion criteria included the presence of other acute and chronic diseases of airways, the presence of other allergic diseases (skin allergies, nutritive allergies), or the presence of acute and chronic diseases of the other organ systems.
Subcutaneous immunotherapy was administered using the following depot scheme:
Vial 0 5 TE/ml 0.1, 0.2, 0.4, 0.8 ml (weekly) Vial 1 50TE/ml 0.1, 0.2, 0.4, 0.8 ml (weekly) Vial 2 500TE/ml 0.1, 0.2, 0.4, 0.8 ml (weekly) Vial 3 5000TE/ml 0.1, 0.2, 0.4, 0.6, 0.8 and1.0 ml (weekly) (with continued maintenance dose of 1.0 ml) monthly.
We started with an induction phase (weekly injections) and continued with the maximally tolerated dose in the maintenance phase (monthly injections).
We excluded patients with contraindications for immunotherapy treatment such as inhalation of β-2 blockers. We also excluded the patients who had pregnancy, hypersensitivity conditions not exclusively depended on IgE mechanisms, immune complex and autoimmune disease, immunodeficiency, unstable asthma. Figure 1 shows the percentages of patients with influenzalike symptoms during the study.
Statistical analyses

Results
At 3rd and 6th months of the study, the median serum IL-3 level in immunotherapy group was not significantly different compared to that of control group (p=0.114 and p=0.174, respectively; Table 1 ). However, during the at 9th and 12th month of the study the median serum IL-3 levels were significantly higher in immunotherapy group of patients compared to the control group of patients (p=0.003 and p=0.0005, respectively) ( Table 1) .
In this study sample, there was a significant difference in the serum IL-11 levels between immunotherapy and control groups during first 3 months. Patients in the immunotherapy group had significantly lower serum IL-11 levels compared to that of the control group (p=0.0005).
During 6th month the median serum IL-11 level in the immunotherapy group of patients was not found to be significantly different (p=0.824). At the measurements performed at 9th and 12th month of the study the median serum IL-11 level was significantly higher in immunotherapy group of patients compared that of control group (p=0.003 and p=0.001, respectively) ( Table 2 ).
There was no statistically significant difference in terms of eosinophil counts between immunotherapy and control group during the first six months of the study (p=0.151 and p=0.237, respectively). At the measurements done at 9th month of study the median eosinophil count was significantly higher in the immunotherapy group (p=0.039). At the 12th month of the study there was not a significant difference in terms of eosinophil count between immunotherapy and control groups (p=0.159) ( Table 3) . Unlike changed eosinophil counts, serum IgE levels did not differ in patients undergoing immunotherapy at 3rd, 9th and 12th month of the study (p=0.181; p=0.255; p=0.469, respectively). However, the median serum IgE level was, significantly higher in the immunotherapy group measured at the sixth month of study (p=0.033) ( Table 4 ).
There was no significant difference in the neutrophil counts between immunotherapy and control groups at 3rd and 6th month of the study (p=0.283 and p=0.345, respectively). when analyzing the neutrophil counts performed at 9th and 12th month of the study it was significantly lower in immunotherapy group compared to the control group of patients (p=0.016 and p=0.0005, respectively) ( Table 5) .
Discussion
This prospective and comparative clinical study indicated that allergen-specific immunotherapy had no influence on standard chemistry and hematology parameters (eosinophils, neutrophils and total IgE) in the presence of influenza-like symptoms.
The prominent source of IL-3 appears to be activated T cells although other cell types have also been reported to produce it.
[13] IL-3 play a role in allergic diseases involves the inhibition of basophil apoptosis via PI3K in vitro but has little effect on basophil's survival in vivo. In this study, the mean serum IL-3 levels during 9th and 12th month in patients treated with immunotherapy were significantly higher then control group (Table 1) . There was no information in the present literature if this relationship has any impact on clinical practice.
Stromal cells including fibroblasts, epithelial cells, endothelial cells, vascular smooth muscle cells, synoviocytes, osteoblasts, and several tumour cell lines can produce IL-11. Although each cytokine is sufficient to stimulate IL-11 expression, IL-1a and TGF-ß synergistically augment the production of IL-11.
[11] Moreover, several tissuespecific stimuli of IL-11 synthesis has been described. For instance, parathyroid hormone, hepatocyte growth factor, or viral infections are shown to induce the production of IL-11 in osteoblasts and airway smooth muscle cells, respectively.
[11] Histamine and eosinophil major essential protein further enhance IL-11 expression, whereas IL-6, IL-4, heparin, and steroids inhibit IL-11 synthesis. [13] During asthmatic inflammation, IL-13 together with respiratory viruses induces the expression of IL-11 in eosinophils and a variety of structural cells in the lung. [11] [12] [13] [14] In this study, serum IL-11 levels were found to be higher in control group at 3rd month of the study, whereas it was higher in immunotherapy group at 9th or 12th months (Table 2) . Therefore, the level of IL-11 in sera of patients in the immunotherapy group directly correlates with the reduced frequency of influenza-like symptoms.
According to Wilson et al., [23] immunotherapy with grass pollen inhibits seasonal increases in eosinophils in the nasal epithelium. It has been reported that patients on immunotherapy have decreased eosinophils in tissues and decreased level of eosinophil releasing mediators.
[24]
Cappella and Durham [25] have shown that eosinophil cationic protein, instead of eosinophil count, might be useful surrogate of effectiveness of immunotherapy.
In the present study, there was no significant difference in the eosinophil count between immunotherapy and control group throughout the study period. However, eosinıophil count was found to be increased at the 9th month of the study (Table 3) . Our results are in concordance with the results from a study by Hafner et al. [26] who analyzed three different studies on different immunotherapies showing. significant differences in terms of 13 hematological parameters measured (including eosinophil count in peripheral blood) and eight chemical parameters between immunotherapy and placebo group of patients.
However, the number of eosinophils and IgE in peripheral blood did not correlate with the decline in the frequency of influenza-like symptoms. Taking into account that allergic asthma is IgE mediated allergy, we aimed to evaluate serum IgE level in patients treated with SCIT and in the control group. The results of our study showed that there was no significant difference in serum IgE level between immunotherapy and control group at 3rd, 9th and 12th months of the study. However, serum IgE levels were higher in the patients receiving immunotherapy.
Eifan et al.
[27] have evaluated children with asthma/ rhinitis after one-year on SCIT, SLIT or antiasthmatic pharmacotherapy, sensitized to house dust mite. The authors did not find a significant change in IgE levels between or within the group. Yu-Huiet et al. [28] have investigated the effects of SCIT in house dust mite-allergic children with asthma and found a significant decrease in total IgE only after 3 years of extended treatment (from 91.4±29.1 to 77.6±26.4). Des et al., reported in their updated review, that most pediatric SCIT trials found no change in total or serum specific IgE after 3-18 months of treatment.
[29] It has been reported that, seasonal increase in specific IgE was attenuated after seven weeks of immunotherapy. [29] Increased number of neutrophils are found in the airways during the late-phase reaction after an allergen challenge, in some patients who died within hours after an asthma exacerbation in nocturnal asthma, in some patients with long-standing asthma, and in patients with corticosteroiddependent asthma. This study did not confirm a significant difference in the neutrophil counts between immunotherapy and control group during the first six months of the study. However, during the last 6 months, the median neutrophil count was significantly lower in immunotherapy group compared to that of control group. The finding correlates with the frequency of influenza-like symptoms in the control group of patients.
Hafner et al. [26] indicated that allergen-specific immunotherapy had no influence on standard biochemical parameters in clinical studies. In the ALLERSLIT ® forte, SLIT 6-grass study, the mean neutrophil percentages in the immunotherapy and placebo group were 60% vs. 58%, respectively. In SCIT rBirch study mean neutrophil count in SCIT group was 55.7% vs. 56.8% in placebo group and in the third pre-seasonal SCIT 6-grass study, neutrophils count in SCIT group was 58.8% while it was 56.6% in the placebo group.
Conclusions
This prospective and comparative clinical study indicated that allergen-specific immunotherapy had no influence on standard biochemical and hematological parameters (eosinophils, neutrophils and total IgE) in the presence of influenza-like symptoms.
The level of IL-11 in sera of patients receiving immunotherapy was negatively correlated with the frequency of influenza-like symptoms. On the other hand, Il-3 levels were found to be positively correlated with influenza-like symptoms.
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